SUMMARY Bupivacaine (0.5%) 
The efficacy of extradural anaesthesia is dependent on such factors as age, height, anatomy and central modulating mechanisms within the central nervous system. The pinprick test is still the most commonly used technique for assessing analgesia, but its clinical relevance is debatable because it is an on-off technique, and a single needle stimulus activates only few nociceptors. This is exemplified by the clinical experience that SI may be blocked inadequately [1] whilst analgesia is present to pinprick [2] .
In this study, we have examined extradural analgesia wirfi bupivacaine at various dermatomes by stimulation with one needle, 10 simultaneously applied needles, and laser stimulation [3, 4] .
PATIENTS AND METHODS
We studied six healthy volunteers (male, mean age 26 yr, range 18-32 yr). Informed consent was obtained from all volunteers and the study was approved by the local Ethics Committee.
A Tuohy needle was inserted into the extradural space at the L2-3 interspace with the subject in a horizontal lateral position. Twenty millilitrc of plain 0.5 % bupivacaine (Marcain, Astra, Sweden) was injected (0.4 ml s" 1 ) with the bevel directed cephalad, after the extradural space was identified by loss of resistance.
During the study, the volunteers were resting comfortably and wore goggles to protect against the laser light. To avoid any acoustic interference at the time of the stimulus, white noise was applied via earphones. The volunteers were asked to keep their eyes open and fix their gaze on a black spot on the ceiling.
The visible output from an argon laser (Spectra Physics, model 168, U.S.A.) was transmitted to the skin via a quartz fibre. The output power was adjusted in the range 50 mW to 3.5 W. The wavelengths were 0.488 um (blue) and 0.515 |im (green); the distribution of the laser intensity at each wavelength was 33 % and 66 %, respectively. This distribution remained constant (±2%) for laser intensities greater than 50-100 mW. An external laser power meter was used to measure The sensory threshold to laser stimulation was defined as a sensation of faint warmth and the pain threshold was defined as a distinct sharp pinprick. The thresholds were calculated as the mean of three ascending and three descending series of stimulation [3] . Initially, five measurements were performed to ensure the validity of the determinations.
Pain-evoked brain potentials were recorded by a platinum needle electrode (Disa 25G04), placed over the vertex with reference to linked ear lobes. The EEG was filtered by a second order filter (0.5-30 Hz), amplified 200000 times (Disa 5C01), and sampled by computer [5] . A total of 16 single potentials were averaged. Initially, two subsequent recordings were performed to ensure the validity of the recordings. The peak-to-peak amplitude and the latency of the major negative complex were used for quantification ( fig. 1) . If the peak-to-peak amplitude of the evoked potential was smaller than 1.2 times the maximal peak-to-peak amplitude of the averaged background EEG, 1 s before stimulation, the amplitude was assigned the value zero. Intensities from 1.5 to 2.5 W were used for stimulation. This stimulus intensity was maintained constant throughout the experiments.
One or 10 needles (18-gauge) were used for stimulation. The 10 needles were arranged symmetrically within a circle of diameter 1.5 cm. The volunteers were asked if the needle stimulation was perceived as sharp distinct pricking pain. Five subsequent stimulations were applied.
The experimental design is summarized in table I. The actual sites of stimulation within the dermatomes were selected according to the landmarks given by Griffiths and colleagues [6] .
Wilcoxon's test (signed rank test) was used for analysis, and statistical significance was accepted at 5%.
RESULTS
Pain evoked by one needle stimulation was abolished at T8, T10, T12, LI and SI after 60 min, and the pain did not recur at T8, T10, T12 and LI until after 240, 360, 360 and 420 min, respectively. Pain evoked by 10 needles was abolished at LI after 60 min and at SI after 120 min, and recurred at both dermatomes 300 min after extradural administration of bupivacaine.
All volunteers were analgesic to laser-induced pain at LI and L3 30 min after injection. Only one volunteer was able to perceive the laser pulses at SI during the entire experiment. In the other five, the laser pulses were abolished after 120-180 min ( fig. 2) . No subject experienced total analgesia at T8, T10 and T12 ( fig. 3) , and the efficacy decreased in a cephalad direction.
The rate of onset of analgesia (table II) was defined as the percentage increase in threshold 15 min after injection compared with baseline values. The onset rates at LI, L3 and SI were faster for sensory thresholds than for corresponding pain thresholds. The fastest onset rates occurred at L3 (table II) .
The pain threshold at C7 increased significantly (P < 0.05) 45 and 60 min after injection ( fig. 2 ). All thresholds except that at C7 were significantly (P < 0.05) increased for 420 min.
Twenty minutes after extradural injection, the pain-evoked brain potentials elicited from LI and SI were reduced significantly (P<0.01) ( fig. 1 , table III) by 42% and 31%, respectively. The mean amplitudes of the potentials evoked from LI and SI were still significantly (P < 0.05) reduced after 420 min (table III) . The potentials evoked from C7 were significantly (P < 0.05) reduced 60 and 120 min after injection.
The difference in latencies measured before and 20 min after injection was larger for the potentials evoked from LI (41%) than from SI (37%) (table III). At SI the maximum increment (35 %) was obtained 60 min after injection. 
DISCUSSION

Laser and needle stimulation
In addition to laser stimulation we used stimulation by means of one and 10 needles. Pain caused by one needle was blocked at a time when stimulation by 10 needles (or laser stimulation) caused pain. This suggests that stimulation by laser and by 10 needles activates central mechanisms other than those activated by one needle stimulation or that this stimulation activates nonblocked nerve fibres. These two different mechanisms correspond to spatial [7, 8] and temporal [9, 10] summation.
Sensory testing for assessment of extradural analgesia
Using the quantitative laser technique, hypoalgesia was detected at C7 approximately 60 min after injection. Occasionally, analgesia has been found to extend to the upper thoracic and even the cervical regions [11] . The weak effect at C7 could not have been detected by needle stimulation as emphasized by Kleef and Brum [12] , who described the difficulties of quantifying pinprick pain when a patient experiences a needle as "sharp, but not as sharp as before". In our study, analgesia was assessed quantitatively using both thresholds and pain-evoked brain potentials. The TABLE III. Mean (SD) (n = 6) latencies and amplitudes of the major negative pain complex evoked from C7, LI and SI dermatomes before (0 mm) and after (20-420 min) extradural analgesia. -= Could not be determined because amplitude was assigned to zero (see methods') for some of the subjects. * Latencies and amplitudes significantly (P < 0.05) different from the initial recordings differences between the two measurements are that thresholds provide an indication of changes in the level of excitability along the pain pathways, whereas amplitude of the pain-evoked potentials indicates how pain stimuli are perceived. The latency of the pain-evoked potential provides information on conduction velocity in the pain pathways.
Using both sensory (warmth) and pricking pain thresholds, we assumed that two nerve populations could be tested: the unmyelinated C-fibres and the thin myelinated A5-fibres, respectively. The most rapid onset of analgesia was found in sensory threshold, which indicated that the pattern of blocking of nerve fibres of spinal root nerves (or cord) followed the same pattern as occurs in peripheral nerves, where the thin fibres are blocked first.
Lund and colleagues [13] recorded the early somatosensory brain potentials evoked by electrical stimulation at T10, LI, SI and to the posterior tibial nerve (PTN). Interestingly, the latency and amplitude of the SI and PTN evoked potentials recorded 47 min after extradural injection of local anaesthetic were affected less than the responses evoked from T10 and LI. This supports the findings of Kleef and Burm [12] , who demonstrated that the large afferents from SI were conducting 40 min after administration of extradural bupivacaine. Potentials evoked by electrical stimulation therefore reflected transmission in afferent fibres, whereas the laser evoked potentials reflected small afferent fibre activity.
Experimental and clinical assessment of extradural analgesia
The onset of extradural analgesia has been investigated by Bromage [2] , who obtained pinprick analgesia after 6 min at LI and after 18 min at SI. Using laser stimulation we observed that analgesia occurred after 30 min at LI and after 120 min at SI. The discrepancy in onset times between the two studies may be explained by central integration of the activity evoked by the laser beam. If synchronized action potentials reach the dorsal horn, even sparse activity is integrated and becomes evident to the subject. This central amplification has been utilized for diagnosis of neurological disorders [10] .
For peripheral nerves, reduction in conduction velocity is related to the length of the nerve exposed to local anaesthetics [14] . If the anaesthetic in CSF affects the subarachnoid nerve roots, the latency of potentials evoked from the most caudad segments is assumed to be subject to the longest delay. As this assumption was not supported by our findings, the predominant transmission delay may occur locally around the nerve roots within the extradural space. The dorsal root ganglia are not affected by anaesthetic agents injected extradurally [15, 16] . The rapid onset at L3 may be explained by the anatomy of the spinal meninges in the region of the dural sleeves surrounding the spinal root. At this site, the dura is thin and permits rapid diffusion of local anaesthetic [17] [18] [19] . Furthermore, it has BRITISH JOURNAL OF ANAESTHESIA been shown that, at the site where the dorsal and ventral roots fuse, substances may diffuse readily between the subarachnoid, subdural and extradural spaces [20] .
The slow onset of analgesia at SI may be explained by two factors. First, the thickness of the Si nerve root may be an obstacle to rapid diffusion of local anaesthetic [21] ; the greater quantity of connective tissue around the S1 nerve root may also absorb a large amount of anaesthetic. Second, the injected anaesthetic spreads cephalad in the extradural space more readily than caudad because of the influence of the negative intrathoracic pressure [14] .
Clinically it has been observed that inadequate analgesia may be present at L5 and SI after extradural anaesthesia [1], although skin analgesia to pinprick is present at these dermatomes after 20 min [2] . Galindo and colleagues [21] found that 15 % of their patients had inadequate block at SI after extradural administration of 0.5% bupivacaine. This group of inadequately anaesthetized patients is currently being investigated at our laboratory using the techniques described in this study.
